Blast optimization and its study have become more important in mining scenario and attract more attention than before due to overall increasing economic pressures. Besides environmental hazards, inadequate and poor blast designs results in reduced efficiencies in various mining functions such as loading, hauling, crushing and grinding cycles and lead to increase in the unit cost of overall operation. Evaluation of a blast design is carried out with the assumption that the explosives have performed as per the specifications, which may not be true in all cases. A reduction in the VOD will produce a reduction in the detonation pressure as well as in the availability of the shock energy of the explosive. It is important that the explosive detonates at its optimum rate and induces sufficient detonation pressure leading to good fragmentation. The VOD of an explosive can, therefore, be used as one of the indicators of its performance. In other words, VOD of an explosive can be used to evaluate the performance of the explosive used in mines, under specific rock and test conditions. Since VOD is a direct measurement of the source function, it provides valuable information with respect to shock, stress waves, kinetics, ground vibration, air blast, fragmentation and undesirable noxious fumes. Blasting performance is directly related to the characteristics and efficiency of the explosives used. Hence a good knowledge on the influence of explosive parameters on VOD is necessary.
Introduction
Blasting plays a very significant role in mining and any other construction work, it is a very important parameter while designing and for Economics. Blasting is an expensive technique and also it makes the growth faster. Out of all these benefits it is very danger if not exercised properly in controlled manner, to maintain its efficiency continuous monitoring and proper study on different explosives at different condition are very necessary. Lot of work has been done before to improve the efficiency and to reduce the cost of blasting.
Blast optimization and its study have become more important in mining scenario and attract more attention than before due to overall increasing economic pressures. Besides environmental hazards, inadequate and poor blast designs result decreased efficiencies in various mining functions such as loading, hauling, crushing and grinding cycles and lead to increase in the unit cost of overall operation. If site-specific blast design is implemented in mines, the objective of decrease in overall operation cost with provision of safety and elimination of environmental hazards can be ensured. Evaluation of a blast design is carried out with the assumption that the explosives have performed as per the specifications, which may not be true in all cases. A reduction in the VOD will produce a reduction in the detonation pressure as well as in the availability of the shock energy of the explosive. It is important that the explosive detonates at its optimum rate and induces sufficient detonation pressure leading to good fragmentation. The VOD of an explosive can, therefore, be used as one of the indicators of its performance. In other words, VOD of an explosive can be used to evaluate the performance of the explosive used in mines, under specific rock and test conditions. Since VOD is a direct measurement of the source function, it provides valuable information with respect to shock, stress waves, kinetics, ground vibration, air blast, fragmentation and undesirable noxious fumes. If VOD is not monitored and an explosive product is assumed to perform as specified, the interpretation of other measurements (if any) could be erroneous when product malfunction occurs. Thus, it is important to correlate the product's VOD characteristics to the rock environment, blast design, and other measurements.
Blasting performance is directly related to the characteristics and efficiency of the explosives used.
Literature Review
The velocity of detonation (VOD) is one of the most important properties of explosives. It is essential that the explosive in the field condition detonates at its optimum rate and induces sufficient detonation pressure leading to good fragmentation. As the explosive pressure is directly proportional to the VOD of an explosive, VOD measurements indicate the performance of explosive in real time.
Given that the VOD is the only measurable magnitude related to an explosive that can be given a number with certainty, it is easy to comprehend why it has been overemphasized as an indication of explosive strength. VOD is a function of the explosive properties, explosive configuration, hole diameter and confinement. Explosive configuration as explained by Cudzilo et al (2002) emulsion matrix prepared with pure ammonium nitrate as an oxidizer had the highest performance. Partial substitution of nickel nitrate (AN-NiN) /calcium nitrate (AN-CaN)/sodium nitrate (AN-NaN) caused a substantial decrease in the VOD or the explosive performance, also it was observed that the confinement of a charge considerably influences the production of NOx and CO; this is due to the oxidation of NO to NO2, that depends mainly on the initial concentration of NO in the environment [1] . Hole diameter and confinement are generic environment variables for any given blast [2] . The same explosive in different environments will manifest different VODs. In their literature, manufacturers usually quote the unconfined VOD of a small sample of explosive in a small diameter. Rather than strength, VOD gives a relative indication of the energy partitioning between shock and heave. The higher the VOD, the higher the shock component in relation to the total energy [4] . While low VOD explosives will shift the energy partition towards a higher proportion of heave. In any case, the VOD would have to be measured in a real borehole situation in order to be meaningful [5] . In-hole VOD measurements differ greatly from the values quoted in standard manufacturers literature. [7] [8] [9] Many researchers have earlier studied the effect of various properties of explosives on VOD of explosives such as, Svensk et al in 2004 [10] Velocity of Bulk Emulsion Explosives [14] .
Here in this paper efforts have been made to understand the influence of density and viscosity of emulsion explosive on its VOD.
Factors Affecting the Performance of Explosives
The selection and evaluation of explosive performance depends on the properties of the explosive. The important properties of explosives include [3] .
Density
Density is defined as the mass per unit volume, expressed in g/cc. Density affects sensitivity and performance of the explosive. An explosive sensitivity can be reduced by too much increase in density. If the density of explosive exceeds the critical density even a good primer may not detonate it. A useful expression of density is loading density, which is the weight of the explosive per unit hole length. This helps in determining the weight of the explosive loaded per running meter of the blast hole. The density of most explosives varies between 0.8 to 1.35 gm/cc
Velocity of Detonation (VOD)
Velocity of Detonation Velocity of Detonation is the rate at which the detonation front travels through a column of explosive. Every explosive has an ultimate or ideal detonation velocity known as steady state velocity of the explosive. VOD of any explosive is influenced by its chemical composition, diameters of the blast hole, confinement, temperature, degree of priming etc. VOD of emulsion explosive falls in the range of 4500 -5500 m/s.
Detonation Pressure
Detonation Pressure It is the pressure in the reaction zone behind the detonation front, at the Chapman -Jouquet (C-J) plane, expressed in kilobars. Detonation pressure is a function of charge density, VOD and the particle velocity of the explosive material. Detonation pressure is different from explosion pressure, which is the pressure after the adiabatic expansion back to the original explosive volume. The explosion pressure is theoretically about 45% of the detonation pressure.
The detonation pressure can be approximated as follow:
where P is detonation pressure (kilobars), V = velocity of detonation (m/s) & = density (gm/cc).
The values of detonation pressure help in blast design to attain desired fragmentation. It is also important in priming for effective and reliable initiation that the primer exceeds the detonation pressure of explosive charge.
Detonation pressure is a function of density and VOD of explosive.
Sensitivity
Sensitivity of an explosive is its ability to propagate through air at which a primed half cartridge (donor) will detonate an unprimed half cartridge (receptor), under unconfined conditions. It is expressed in several forms such as hazard sensitivity, performance sensitivity, initiation sensitivity, propagation sensitivity, gap sensitivity, etc.
Energy Output/Strength
Strength / Energy Output The strength of an explosive is related to the theoretical available chemical energy in the explosive composition. It is a measure of its ability to do useful work. Relative Bulk Strength (RWS) is the measure of the energy available per unit volume of explosive as compared to an equal volume of bulk ANFO at 0.81gm/cc density.
Water Resistance
Water Resistance It is the ability of the explosive to withstand water penetration without losing sensitivity or efficiency. The liberation of brown nitrogen oxide fumes from a blast often indicates inefficient detonation caused by water deterioration and implies need for better waterresistant explosives. Water resistance is expressed as the number of hours a product may be submerged in static water and still be detonated reliably. The water resistance property depends not only on inherent ability of explosive to withstand water but also on the water condition. Static water at low pressure will not affect as quickly as dynamic fast-moving water, specially at high pressure. All slurry and emulsion explosives are having good water resistance. ANFO is having no water resistance. By mixing emulsion, ANFO is made water resistant.
Thermal Stability
Thermal Stability The temperature at which explosive is stored and used may have a detrimental effect upon its ultimate performance during the use. The explosives used in below freezing temperatures are specially formulated so that they do not lose their characteristics. For example, dynamite will freeze and become hazardous to tampering, slurries become stiff and insensitive and fail to detonate. All types of NG -based explosives are prohibited to be used in hot holes. Only slurries and emulsions are permitted to be used in hot hole having maximum temperature up to 80o C.
Fume Characteristics
Fume caused a substantial decrease in the VOD or the explosive performance, also it was observed that the confinement of a charge considerably influences the production of NOx and CO; this is due to the oxidation of NO to NO2, that depends mainly on the initial concentration of NO in the environment [1] .The excessive liberation of toxic fumes are due to insufficient charge diameter, inadequate priming, water deterioration, reactivity of the product with rock or other material being blasted, incomplete product reaction etc.
In all the factors explained above, density and VOD of explosive plays an important role while choosing emulsion explosives. Also, here in this paper it is tried to study the effect of viscosity of explosive on its VOD. 
VOD Measurement

Vod Measurements at Different Conditions
Rajapur Mine
Rajapur opencast project is a coal production project of BCCL India.  The patch was watery and holes were wet.
 Presence of cracks and voids. Similarly, total 5 number of blasts were monitored at Rajapur mine and the VOD of emulsion explosive at different densities and viscosities were calculated using VODmate and Blastware III software. The data collected is as shown in Table 1 .
Jamunia Mines Visit
It's an opencast coal mine under block II of BCCL India. • The strata around was hard and competent.
• Cracks were very less.
• Patch was dry with dry hole condition. Similarly, total 4 number of blasts were monitored at Jamunia mine and the VOD of 327 emulsion explosive at different densities and viscosities were calculated using VODmate and Blastware III software. The data collected is as shown in Table 2 .  Weak Strata condition.
Chasnalla Colliery
Results:
 The In-hole VOD of cartridge explosive comes out to be 3701m/s.  The holes were dry.
 The strata were compact with less crack and voids.
 The charging was good due to absence of water.
 The In-hole VOD of cartridge explosive found to be 4343m/s.
 The gassing and the densities were:
Density Before gassing: 1.30 gm/cc Density After gassing: 1.05 gm/cc  VOD found to be better than the wet holes and near to standard which is 4500-5500/s.
 Cracks were less and better confinement also contributed in better gassing resulting in higher VOD.
Similarly, total 5 number of blasts were monitored at Chasnalla mine and the VOD of emulsion explosive at different densities and viscosities were calculated using VODmate and
Blastware III software. The data collected is as shown in Table 3 below: Similarly total 6 number of blasts were monitored at Underground cavern at Padur, Karnataka (ISPRL project) and the VOD of emulsion explosive at different densities and viscosities were calculated using VODmate and Blastware III software. The data collected is as shown in Table 4 below: 
Analysis
Data collected at four different mines/geology is analyzed and compared on the same scale to know the pattern of variation of VOD with the density and viscosity of explosive.
Comparison of VOD of Explosive with Its Final Density at 4 Different
Mines/Geology
The measured VOD at different densities of emulsion explosive of all 4 mines/geology were plotted on a same graph below ( Figure 13 ).
All the data collected from 4 different mines is plotted on a same graph and it can be observe that, in all the cases the VOD of emulsion explosive increases up to the density range of 1.12- The viscosity of the emulsion determines the rate of Movement of micro balloons through the emulsion, as, in time, the low-density micro balloons would begin to separate out. The behavior of the emulsion under shock loading, to a certain degree, is also determined by the viscosity of the emulsion.
The measured VOD at different viscosity of emulsion explosive of all 4 mines/geology were plotted on a same graph below ( Figure 14) .
It can be observed that in all the 4 conditions/mines the curve between VOD and viscosity of emulsion explosive is showing similar pattern, the VOD of explosive is increasing with the increase in viscosity but certainly after the value of viscosity increases to a high the VOD will not change significantly.
Conclusion
In this study, monitoring of velocity of detonation (VOD) of the explosives have been done The study conducted with emulsion explosives at different sites of different density and viscosity. The following conclusion have been made from above study:
 The VOD of an emulsion explosive is maximum when the density of emulsion explosive lies in the range of 1.12 to 1.18 gm/cc and then start reducing with higher densities. Therefore, for optimum result the density of bulk explosive should be kept between 1.12 to1.18 gm/cc to achieve highest velocity of detonation.
 The VOD of emulsion increases with its viscosity but certainly after the value of viscosity increases to a high the VOD will not change significantly.
